Considerable efforts have been made in the search for new photovoltaic (PV) materials that satisfy requirements such as low toxicity, optimum energy gap, high stability as well as the ability to synthesize by a wide range of methods. Tin (II) monosulfide (SnS), a binary metal (IV-VI) compound semiconductor offers many attributes. SnS is a p-type with high optical absorption coefficient >10 4 cm -1 and a band gap of Eg =1.1-1.32 eV making it a favourable material for PV applications and optical devices.
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Depending on the deposition temperature and the percentage of precursors the SnS phase is accompanied with other Sn complexes such as Sn2S3 and SnS2 and thus achieving a single phase material can be a challenge.
Tin sulfide thin films have been synthesised by several methods such as thermal evaporation, chemical bath deposition, spray pyrolysis, sulfurization and electrodeposition [1] . Among these, atmospheric pressure chemical vapour deposition (APCVD) which is a low cost and high-throughput deposition method, is attractive for large scale production. In this work, we demonstrate a novel phase engineering process of tin sulphide thin films grown by APCVD at room temperature using SnCl4 precursor and H2S/Ar gas mixture. Additionally, we explore the effect of post annealing treatment on the phase of the thin films.
The deposition was achieved by using a metal halide precursor, which allows the deposition to take place at room temperature, despite most studied cases, where the deposited films were formed at relatively high temperatures. A further post-deposition annealing process was performed in a tubular furnace in a 6% H2/Ar atmosphere varying the temperature from 250 to 450 °C. The impact of annealing temperature on the phase and quality of material were investigated by X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), Raman spectroscopy and scanning electron microscope (SEM). The spectral behaviour of the optical energy gap as a function of annealing temperature was obtained by UV-vis transmission and absorption spectra. Figure 1(a) shows the XRD spectra of all the samples under study with SnSx phases appearing as a function of the annealing temperature. Amorphous-to-polycrystalline phase transition occurred after post-annealing treatment at 300 o C and a signal intensity is observed at 14.9 o corresponding to the crystallographic plane (001) which indicates a hexagonal SnS2 phase. With increasing annealing temperature loss of sulphur occurs leading to a change in the Sn/S ratio which results in a single orthorhombic SnS phase that starts to form at 400 o C. XPS and Raman spectra support the existence of pure phase SnS at temperatures between 400-450 o C. UV−vis spectroscopy shown in figure 1(b) reveals that the band gap of the annealed tin sulphide thin films varies with the S concentration and can be tuned in the range of 1.03−3.14 eV. The comparison between structural and optical measurements show that an increased annealing temperature of up to 450 °C can produce high quality single tin SnS phase which can be promising for photodetectors and solar cell applications.
